Objective: An evolving challenge for obstetrician is to better define normal and abnormal fetal neurological function in utero in order to better predict antenatally which fetuses are at risk for adverse neurological outcome. Patients and methods: Prenatal neurological assessment in high-risk fetuses using four-dimensional ultrasound applying the recently developed Kurjak antenatal neurodevelopmental test (KANET). Postnatal neurological assessment was performed using Amiel Tison's neurological assessment at term (ATNAT) for all live-borns and general movement (GM) assessment for those with borderline and abnormal ATNAT. Results: Inclusion criteria were met by 288 pregnant women in four centers of whom 266 gave birth to a live-born baby. It was revealed that 234 fetuses were neurologically normal, 7 abnormal and 25 borderline. Out of 7 abnormal fetuses ATNAT was borderline in 5 and abnormal in 2, whereas GM assessment was abnormal in 5 and definitely abnormal in 2. Out of 25 KANET borderline fetuses, ATNAT was normal in 7, borderline in 17 and abnormal in 1, whereas the GM
Introduction
The current and evolving challenge for investigators of obstetric ultrasonography is better understanding of fetal neurological function w2, 12x. There are many functional neurological abnormalities, such as cerebral palsy (CP) which are poorly understood w24x. This uncertainty regarding causation vitalizes plaintiff's attorneys throughout the world who attempt to relate these neurological abnormalities exclusively to intrapartum events, such as use of oxytocin, forceps deliveries and failure to perform a cesarean delivery w7, 24x. Whereas some cases are probably related to intrapartum events, in the majority this is not the case w7, 24x.
An evolving challenge for the obstetrician is to better define normal and abnormal fetal neurological function in utero for better prediction of fetuses at risk for adverse neurological outcomes irrespective of intrapartum management w4, 5x. Indeed, assessment of the integrity of the fetal nervous system is a major task in modern perinatal medicine. There are many reasons for that. One is the fact that 2-4 per 1000 live-born infants are affected by CP, with an incidence that is unchanged since 1951 in developed as well as in developing countries w3x. Further advancement in the analysis of fetal activity was the introduction of high quality threedimensional/four-dimensional ultrasound (3D/4D US) which allowed to carry out real-time observations with sufficient dynamics and good image resolution and to produce a new prenatal scoring test w19x. The parameters used in the test are products of previously conducted multicenter research in fetal neurobehavior assessed by 2D sonography combined with neonatal signs suggested by Amiel-Tison as overlapping cranial sutures and the neurological thumb w1, 17, 26x. Since 4D enabled the evaluation of face and small anatomic parts, the movements of mouth, eyes and fingers are enrolled in the test as special variables w10, 16, 18x. The potential of the test was investigated at four university departments after proper training. We report here on the preliminary results obtained in the high-risk group of patients, trying to distinguish normal fetal brain and neurodevelopmental alterations due to the early brain impairment occurring in utero. 
Patients and methods
The study participants were women with singleton pregnancies between 20 and 38 weeks of gestation, recruited in out-and inpatient clinics of University Departments of Obstetrics and Gynecology in the General Hospital ''Sveti Duh'', Zagreb, Croatia, Marmara University Hospital, Istanbul, Turkey, University Hospital Bucharest, Romania, and Hamad Medical Center, Doha, Qatar.
This was a multicenter, prospective cohort study of 288 pregnant women meeting the inclusion criteria given in Table 1 . The distribution of participants throughout four centers is presented in Table  1 .
The study was approved by the Local Ethical Committees of the four institutions. Each participant gave her informed consent.
Fetal behavior was assessed by 4D US. All 4D US examinations were performed by experienced operators using either the Voluson 730 Expert 11 (General Electric, USA) or Sonoline Antares (Siemens AG, Issaquah, USA) with transabdominal 5 MHz transducer. The methods of assessment have been described elsewhere w19x.
The KANET was used to assess fetal neurobehavior w19x. In this study, we used a slightly modified version of the previously described test with the same parameters and the different scoring scale which was from 0 to 2 (compared with the original score from 1 to 3). The KANET form is illustrated in Table 2. Table 3 was constructed arbitrarily, representing allocation of fetuses into three separate groups after the KANET assessment: 0-5 points were considered abnormal; 6-13 borderline; G14 normal.
All neonates underwent postnatal neurological assessment according to Amiel-Tison (ATNAT) at the age of 1-3 days w1x. After the assessment, infants were assigned as normal, borderline, or abnormal. Infants from the borderline and abnormal groups were assigned to the high-risk group for development of neurological impairment. In this group of infants, for the purpose of this preliminary study, Prechtl's GM were evaluated at the premature (28-36 postmenstrual weeks) and term (37-46 postmenstrual weeks) age w23x. It is planned to repeat the GM assessment at the writhing age (46-52 postmenstrual weeks) and fidgety age (54-60 postmenstrual weeks). After any assessment of GM infant was classified to one of the groups according to Hadders Algra: normal optimal, normal suboptimal, abnormal, and definitely abnormal w9x. To simplify the analysis, the infants who were normal optimal and normal suboptimal were considered as ''normal'' whereas infants who were abnormal were considered as borderline, and those who were definitely abnormal were considered as abnormal.
All infants were scheduled to be assessed by ATNAT screening test at 1, 3, 6, 9, 12, 18 months of corrected age, whereas final assessment was planned to be at the corrected age of 24 months. All infants who needed additional assessments like neuroimaging, electrophysiological, ophthalmologic, orthopedic or any other examination were followed according to the local availability. It was intended to make the final diagnosis of disabling or non-disabling CP at the corrected age of 24 months on the basis of child's ability to walk. Figure 1 presents postnatal assessment flow chart.
The primary outcome was the usefulness of KANET to identify fetuses from high-risk pregnancies at neurological risk. Due to relatively small sample size statistical analysis is at present impossible.
Results
The number of fetuses assessed in four centers with the results of the KANET score are given in Table 4 , while outcome of fetuses after KANET assessment is presented in Table 5 . Combined results from the KANET, ATNAT and general movement of the survivors is presented in Table 6 . As shown in Table 6 , a total of 7 fetuses had abnormal KANET scores, and 25 fetuses were borderline, for 32 fetuses at neurological risk. Of the seven fetuses with an abnormal KANET, postnatal neurological assessment by Amiel Tison's method (ATNAT) revealed three newborns (arthrogryposis, vermis aplasia and neonate of the mother with a previous child with CP) out of seven fetuses to be abnormal, whereas four were considered normal (ventriculomegaly, preeclampsia, thrombophylia, oligohydramnios). Out of the 25 borderline KANET fetuses there were 22 borderline newborns by ATNAT, whereas three were normal (ventriculomegaly, intraamniotic infection, maternal thrombocytopenia). Those who were abnormal prenatally and normal postnatally had the following prenatal risk factors: ventriculomegaly, Dandy Walker syndrome, skeletal dysplasia, polyhydramnios, hydrocephaly, diabetes in pregnancy, non-immune hydrops, intraamniotic infection, IUGR, trisomy 21, thrombocytopenia, thrombophylia, preeclampsia, achondroplasia, oligohydramnios. Out of the three abnormal neonates following ATNAT assessment, two had definitely abnormal Prechtl's premature GMs (arthrogryposis and vermis aplasia), and an additional six were considered abnormal (neonate of a mother with the previous child with CP, Dandy Walker syndrome, hydrocephaly, trisomy 21, ventriculomegaly, nonimmune hydrops). The remaining 24 children had normal optimal or normal suboptimal GMs. 
Discussion
Despite medical reports from 100 years ago and 25 years of systematic research initiated by Prechtl and DeVries, the study of fetal neurobehavior is still in its infancy w4, 23x. There were attempts to develop a prenatal neurological screening test based on 2D ultrasound w13, 20x. The test was based on quantifying the fetal movements and did not consider the quality and variability of the movements w13, 20x.
The facial expressions were not included in these tests since they can only be clearly visualized by 4D US w13, 20x. The duration of the test was from 30 to 60 min and was not practical for daily use w13, 20x. In the most comprehensive 6  0  5  1  1  5  Definitely abnormal  2  0  0  2  0  2  Total  32  7  22  3  25  7 KANETsKurjak antenatal neurodevelopmental test, ATNATsAmiel Tison's neurological assessment at term. review on fetal behavior that included 109 papers, the authors concluded that future studies of fetal behavior have to focus on spontaneous fetal movements and GMs w4x. It was stressed that the new 4D US technology could be the tool enabling new insight into fetal neurobehavior w4x. The implementation of these new diagnostic data increased our knowledge about central nervous system development w2x. Furthermore, the traditional concept that brain damage is caused during birth or early neonatal period has been challenged when antenatal and unclassifiable factors are now considered as the most important etiological factors w7, 24x. The three illustrative cases with abnormal KANET scoring that we present are arthrogryposis, vermis aplasia, and a fetus whose previous sibling had verified CP. The fetuses in these three cases had especially reduced facial movements during repeated scans. Fetuses with vermis aplasia and arthrogryposis had normal cranial sutures but the isolated head flexion was small in range for both cases. Isolated hand movements, hand to face and leg movements were poor in repertoire for all three cases. The finger movements were cramped and invariable in all three cases. The Gestalt perception of GM was abnormal in all three cases. We also followed longitudinally the behavior of a fetus with acranius. The mother decided not to terminate the pregnancy due to religious reasons. It has been documented that the fetus at 20 weeks of gestation had hypertonic movements with high amplitude and high speed. The movements emerged abruptly with burst-paused patterns, the variability of head movements was missing, without changes of facial expressions. As the gestational age advanced and the motor control was shifting from lower to upper control center, the movement patterns changed as well. At gestational age of 32 weeks, the fetus had no facial expressions (face as a mask) and hand movement repertoire was very poor. At 36 weeks the absence of both facial expressions and limb movements was observed. The neonate died during labor.
It seems that some of the prenatal conditions are temporarily affecting fetal neurological status, having a tendency for improvement in neurological status after birth. On the basis of our preliminary results, we can only speculate that some fetuses are liberated after birth from numerous illdefined intrauterine constrains.
Our study shows that the new test might be useful in standardization of neurobehavioral assessments. Furthermore, there is a potential for antenatal detection of serious neurological problems. At this stage, the test separates serious structural anomalies associated with brain impairment (arthrogryposis, vermis aplasia, anencephaly). Most of the high-risk cases have been found with normal neurobehavior and that has been proven by experienced neonatologists. Understandable serious abnormalities with brain impairment and abnormal test have been detected earlier and terminated. This is work in progress and four collaborating centers are continuing the investigation. In some of the centers (Doha, Zagreb) preliminary results have already been obtained after one year of life. The test requires further studies before being recommended for clinical practice. In the meantime the potential of antenatal scoring system should be neither overestimated nor underestimated.
